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A. N. Pudovik Presented by
Acad A. Ye. Arbuzov
19 May 1950

[’fhis is another report on results of the extensive investigation on or-

ganic phosphorus compounds which is being carried out at several institutes in
The work referred to here has CW implications, because compounds hav-
ing cholinesterase iphibitor sctivity as well as products which are closely re-
lated to this class of compounds are being synthesized in the course of the in-

vestigation in question./

The classical method for the synthesis of esters of phosphonic acids is at
present the method of A. Ye. Arbuzov, proposed by him in 1905, and consisting

in the interaction of halogen-containing organic compounds with full esters of
phosphorous acids (1).

Also of considerable preparative importance for obtaining esters of phos-
phonic acids is the method of their synthesis from various halogeunated deriva-
tives and salts of dialkylphosphorous acids which was proposed by Miechaelis
and Becker (2) and successfully applied subsequently by Nylen (3), A. Ye. Arbu-
zov, Bo A. Arbuzov (4), and others.

In 1947, during the study of the action of salts of dialkylphosphorous

. acids on isomeric halogenated allylic compounds, I found (5) that dialkylphos-
phorous acids in the presence. of an alkaline catalyst are capable of addition
to the double bend of unsaturated phosphoni: esters. This observation subse-
quently became the basis for the development of a new method for the synthesis
of esters of phosphonlc acids by addition of dlalkylphosphorous acids in the
presence of alcoholates of alkaline metals to different alpha, beta-unsaturated
electrophylic compounds: unsaturated nitrites, ketones, esters of acids, alde-
hydee, and certain other reagents.

-1 -
CLASSIFIGATION CONFIDENTIAL GBNHDEN"M
s~ IX[Wwv " TXTwses | | DISTRIBUTION e

ARMY*

X

AR £8Y i P Y D I

opy A App oved for Release 201 1/07/22 CIA RDP 00809A000600360645-




r

Sanitized opy Apr

A ’ : +

CIA-RDP80-00

-y ‘e

809

-

oved fo

v

r Release 2011/07/22

CONFIDENTIAL

A000600360645-6

CONFIDENTIAL

In the preceding work the addition of dialkylphesphorvus acids to beta,
beta-dimethyldvinyl ketone, the nitrile of acrylic acid, and methylacrylate
was described (6).

It was shown that beta, bétavdimethyldivinyl ketone adds dielkylphos-
phorous acids (first molecule) at the unsubstituted vinyl group; the ability
for addition of the subatituted vinyl group is considerably decreased in it.
In the course of the above-mentioned - ‘rk 1t was extremely interesting to
study the sddition of dialkylphosphoruus acids to the simplest alpha; beta-
unsaturated ketones with the vinyl groups replaced in different positions,
in a different degree, and with different radicals.

As objects of study in the present investigation é%hylidenacetone, ben-
zalacetone, and furfuralacetone were taken. Products of addition were obtained
with 70-80% yields in the majority of cases. It appeared that ethylidenacetone,
furfuralacetone, and benzalacetone add to dialkylphosphorous acids at the double
bond.

The constants of the beta-phosphonic esters obtained are cited in Table 1.

Of all the ketones mentioned above, ethylidenacetone adds to dialkylphos—
phorous aclds most vigorously, benzal acetone less vigorously, and, least emer-
getically furfuralacetone. The mechanism of addition reactions can be repre-
sented by the following reaction scheme:

(R0)2POH 4~ RONa™2=2. (RO )2¥ + ROH
(,_ a
0 0
(RO)oB? + Ri’cg pcri—cf/c%a Ry CH~CHNaCOCH
“Na 10 3
P2
¥ (0R),

or ONa

| 0

RIGH-CH = C~CH3 + (RO);POR  RyCH-CH,COCH; + (R0),P”
— 2~ Ne

0

i ¥/

Yor)z Xor),

In the course of work on the «ddition of dialkylphosphorous acids to the
simplest unsaturated ketones, I further ‘studied the reactions of addition of
dialkylphosphorous acids to ketones with two substituents in the vinyl group,
namely mesityl oxide and different unsaturated aldehydes. The reactions were
carried out by the seme method as that applied with the simplest unsaturated
ketones, i.e. in the presence of alcoholates of alkaline metals.

. This year, V. S. Abramov (7) showed that sodium dialkylphosphite unéer
ordinary conditions and dlalkylphosphorous acids in the presence of alcoholates
of alkaline metals add to the carbonyl group of saturated aldehydes and ketones;
he carried out the reaction according to the method which I developed for add-
ing dialkylphosphorous acids to different unsaturated electrophylic reagenis.
The dialkylphosphorous acids “o different unsaturated electrophylic reagents.
The addition of sodium diethylphosphite to the carbonyl group of alpha-keto-
phosphonic esters was first demonstrated by A. Ye. Arbuzov and M. M. Azanov-

skaya (8) on the exemple of the reaction between acetyl chloride and sodium
diethylphosphite.
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As a result of the study of the products which I obtained by the addition
of dialkylphosphorous acids to mesityl oxide and unsaturated aldehydes, 1t was
established thet they produce no characteristic reactions for the aldehyde group
but produced a positive reaction for the hydroxyl group; the latter group
was subsequently uetermined quantitatively according to Tserevitinov for cer-
tain of the products obtained. On the basis of the data obtained the conclu-
sion was reached that all products obiained frcm the addition of dialkylphos-
phorous acids to unsaturated aldehydes and mesityl oxide {see Table 2) are
alpha-hydroxyphosphonic esters and that, cousequently; the addition of dialkyl-
phosphorous acids to unsaturated aldehydes and mesityl oxide takes place at the
carbonyl group, and not at the hydrocarbon dcuble bond.

The formation of alpha-oxyphosphoniz esters can be represented by the fol-
lowing scheme:

0
. Y,
(CoH50)oPOH +R0Na<__—’(C2H50)2P< + ROE
Na.

(500257 5 #%,
CoH50)2P ] i}; + CE,= CH-L.\H CH —+ (czn5o)21>on

OH
-— OH - _4—,/ i
~f—§vCH2—— CH Ln\\P490 4— (02H50)2P0Na

\\
( OCHig ) s
Work 1s being continued with the aim of a more profound and broader study

of the reactions of addition of dialkylphosphorous acids to electrophylic rea-
gents.

In conclusion I consider it my pleasant duty to express thanks to my teacher

B. A. Arbuzov, Correspondiu; M:rmber Acad Sci USSR, for his attention toward and
interest in the work I carried out,

Chemistry Instditute imeni Aced Presented 29 April 1950
A. Ye. Arbuzov Kazan' Affiliate
Academy of Sciences USSR
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[Tables 1 813 2 follow,/
Table 1

Boiling

Formila Point in
oq !

ormula °C/mm _fg

CE3-CO-CHp ~CH{ CH3)P 134-135/10

\(OCH3

O
CH,CO~CH,CH( CHy )P/\ sy )s 139-140/10

0
CH,C0-CH,CH(CH3 )P < < " 156-158/10
0CyHgiso

172-173/10 ol 0,998
X (ochH9n)2 / 995

0
CH4CO-CH,CH(CcHz )P7 189-190/10
3T S o /

B3,

0

7
CH_CO-CH CH{c 203/16 1.5050
65 \(ocex ), ! e

20
CH,CO-CH,CH{C¢H )P 208/12 1.4900
3 26 \(OChH is0), / ?

219-220/13 1.4927

CH.CO-CH CH(C6H )P

3 5%

7
Noc, 1 n)2

0
- =z '
CHyCO cnecx(chz%o)P S oo 163-164 /6 1.4835

40 .
CH_CO-CH CB(C H o)1> 192-193/16 1.4
3 | us \(OC H5)2 93/ 755

0
CH4CO- CmCH(ChH3O\P/ 161/3 147

X (OChE 150)2

0
H3C0-C CH(C,H O)P/ . 182/4 1,4730
T2 O3 \(ochn n),
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Table 2

Boiling Melting
goint in Point in 20 20
¢/m He °c o 4y

Formula
(cE.) & 27"
C=CH-C(OH)P 1
3°2 \(0@13)2 */1e

D
(CH3 ) pC=CH é(OH)P//O /
3)2C=CH~ ) 138/11
\gocgus)a
C:CH—J(OH)Pf 162-163/12
= (OCbli‘giso)2
3 0
(CH3)2c=CH-c(0H)P< 171-172/13
(ochﬂgn)2

(ca3),

CH

0
P
CHz=CH-CH{OH)P 149-151/10
( OCH, ),

0
CH,=CH-CH(OH)P 7 154 -
3 54-155/10
Scoca ) 55/
275p

CH,, CH-CH(OH) 140-1k1/7

0
CH,=CH-CH(0H)PZ 166-170/10
2 \\(OChH9iso)2 o/

0

—

cHz= CH-CH( OH)P\’ 168-170/10
N (00yHgn),

.0
CH, -CH=CH-CH(OH)P% 150-152/8
3 . \\(OCH3)2 /

0
CH, -CH=CH~CH(0H)P? 163-164 /9

3 A
(0021{5 )2

0\

€, H,0-CH=CH-CH(0n)BZ
! < 106-10
3 “S(0C,8s), !

)
—CH - #
06HSCH—CH CH(OH)P\(OCH ) 101-102
3’2

0
~
06H50H=CH-CH( ox)1=< ; 104-105 *
{oc,H_)
2572
~END -
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